neurosurgical focus
ries of patients treated through the endoscopic endonasal route and discuss its potential role in the treatment of these challenging lesions.
methods
A comprehensive literature search of several databases indexing English-language literature published from 1990 to November 13, 2014 , was conducted. The databases included Ovid MEDLINE In-Process & Other Non-Indexed Citations, Ovid MEDLINE, Ovid EMBASE, Ovid Cochrane Central Register of Controlled Trials, Ovid Cochrane Database of Systematic Reviews, Scopus, and Web of Science. The search strategy was designed and conducted by an experienced librarian with input from the authors. Controlled vocabulary supplemented with keywords was used to search for studies of the endoscopic endonasal approach to the CVJ. The actual strategy is available from the corresponding author.
All studies reporting on patients who were treated surgically using an endoscopic endonasal approach were selected. Inclusion criteria were the following: series of 3 or more patients with available data on indications for treatment, procedure-related complications, and clinical outcomes. To avoid duplication of patients, when multiple papers were found from the same authors or the same institution, only the report with the largest relevant cohort was included. Two reviewers (S.F.M.V. and E.S.) independently selected the included studies. A manual search for studies was also conducted by screening references from the identified papers and in major neurosurgical journals.
For each study, we extracted the following information: patients' demographic characteristics, presentation, etiopathology, perioperative complications, time to extubation and oral feeding as well as immediate and longterm neurological outcome. Good neurological outcome was determined if the study used terms such as "no morbidity," "improvement," or "good recovery." The primary objective of this study was to determine the effectiveness as well as the rate of systemic and neurological complications after endonasal endoscopic treatment of pathology involving the CVJ.
results search results and study characteristics
The search criteria led to 265 citations, and 1 recently published study was identified through our manual search.
7
After screening the titles and abstracts, we identified 45 articles about endoscopic approaches to the CVJ, and the full texts were reviewed carefully. Of these 45 articles, 32 did not meet the inclusion criteria: 7 were anatomical studies, 4 were imaging studies, 7 studies dealt with the endoscopic transoral approach, 2 were review articles, 10 were individual case reports, and 2 included 2 patients only. A total of 13 studies included patients with CVJ pathology treated using an endoscopic endonasal approach and met our inclusion criteria. Two publications corresponded to the same group, 6, 8 and only the most recent was included. A total of 12 studies comprising 72 patients were included in our analysis 2,4-7,10-13,17,19,20 ( Fig. 1 and Table 1 ). All studies provided data on patient demographics, clinical presentation, indications for treatment, periprocedural complications, and neurological outcome.
patient characteristics
Patient characteristics are summarized in Table 2 . The mean patient age was 55.8 years (range 6-96 years), and 57.1% of patients were female. The most common indications for treatment were rheumatoid pannus (38.9%) and basilar invagination (29.2%) causing compression of the cervicomedullary junction. The most common presenting symptoms were myelopathy, present in 77.8% of patients and neck pain, reported in 30.6%. Swallowing disturbance was seen in 15.3% of cases preoperatively.
complications and outcome
Intraoperative CSF leak was reported in 13 cases (18%). However, it was present in only 3 patients (4.2%) postoperatively. One patient developed meningitis that was complicated by sepsis and death, resulting in a procedure-related mortality of 1.4%. Transient velopharyngeal insufficiency was seen in 3 cases (4.2%), and 2 patients had respiratory failure in the perioperative period. Data on time to extubation were available for 49 patients; 1 patient was ventilator dependent preoperatively and remained intubated after the surgical procedure. Of the remaining 48 patients, 27 were extubated the day of the procedure and 20 on the 1st postoperative day. One patient with severe quadriparesis remained intubated for 1 week until posterior fixation was performed due to the high risk of respiratory failure. A total of 63 patients had available data on time to oral feeding. Three patients had significant preoperative dysphagia requiring nasogastric tube feeding, which was continued postoperatively. Of the 60 patients with adequate swallowing preoperatively, 54 (90%) were swallowing the on 1st postoperative day, 57 (95%) by postoperative Day 3, and all of them by Day 6.
The majority of patients (67 patients, 93%) experienced improvement of symptoms shortly after the surgical procedure. Five patients continued to be symptomatic but did not develop new deficits. On long-term follow-up, all patients continued to show improvement, and no delayed procedure-related complications were reported.
discussion
The endonasal route takes advantage of a natural anatomical corridor to approach a deep-seated area such as the CVJ. Reporting the current review of the literature and combining the results of the available studies, we provide an overview of the current role of endoscopic endonasal surgery in the treatment of congenital or acquired pathology of the CVJ. According to our results, this approach is effective in relieving neural compression and improving neurological function in the majority of patients (Fig. 2) . Procedure-related complications are observed in a small number of patients and are within the accepted range for this type of pathology. In particular, meningitis, which is one of the more feared complications of the transoral approach and is likely related to surgical field contamination with saliva and oral bacterial flora, has been found to be a minor risk in transnasal surgery. Only 1 case of meningitis in 72 patients was recorded. Of note, although this procedure is typically thought of as extradural, there was an 18% observation of intraoperative CSF leak. However, this approach allows the surgeon to perform an effective dural repair, as demonstrated by the small incidence of postoperative CSF leak (4.2%).
Our results highlight one of the main advantages of the endonasal route, which is the lower rate of postoperative dysphagia and respiratory complications. Most patients were extubated in the immediate postoperative period, and 95% were swallowing by the 3rd postoperative day. These findings compare favorably to those of studies evaluating the transoral approach, which have reported a need of enteral feeding in 90%-100% of patients. 16, 18 According to a recent anatomical study, the lower incidence of postoperative dysphagia with the endonasal approach is likely related to the lower density of neuronal elements from the pharyngeal plexus above the palatal plane. 15 The cumulative experience with the endoscopic endonasal approach allows a direct comparison with the traditionally used transoral-transpharyngeal approach and the recently introduced transcervical approach for the treatment of CVJ pathology.
3 Few studies have compared directly the different approaches. Raper et al. found no difference in the rate of successful complete odontoidectomy between the transoral and endonasal approaches. 14 However, the time to extubation and oral feeding was significantly shorter in the endonasal group. Similarly, Ponce-Gómez and colleagues reported their own series of patients treated using both approaches and found comparable rates of neurological improvement after odontoidectomy, with less time to extubation and oral feeding, as well as shorter hospital stay in the endonasal group. 13 However, the direct comparison of transoral and endonasal endoscopic approaches should be looked at carefully. The studies reporting both approaches may be affected by selection bias, due to a different patient population and indications. In our opinion and in agreement with other authors, the endoscopic endonasal approach, rather than an alternative, should be considered a complementary approach to the standard transoral-transpharyngeal route.
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Some patient-related factors can help determine the most suitable approach. For instance, in patients with micrognathia, macroglossia, or limited oral aperture (< 3 cm), the transoral approach is more challenging.
2,11 The experience of the surgical team should also be considered, and the endoscopic endonasal approach should be used in carefully selected cases only by operators with extensive experience with this technique.
Our study has some limitations. There is a potential publication bias, as studies reporting good outcomes are more likely to be published. In addition, the study heterogeneity was considerable, as we included series from different centers and different patient populations. The quality of the evidence presented here depends on the quality of the included studies, which is affected by the small number of patients and their retrospective nature. Nevertheless, this literature review provides useful data and a starting point to further define the role of endoscopic endonasal surgery in the treatment of CVJ pathology.
conclusions
The endonasal endoscopic approach for the treatment of pathology of the CVJ is an effective treatment option for carefully selected patients. In general, it constitutes a safe approach in experienced hands. This approach should be considered as complementary rather than an alternative to the traditional transoral-transpharyngeal approach. 
